ABSTRACT
Intracranial atherosclerotic stenosis (ICAS) is an important cause of stroke worldwide
1 that is associated with a particularly high risk of recurrent stroke. 2, 3 Post hoc analyses from the Warfarin Aspirin Symptomatic Intracranial Disease (WASID) trial, in which patients with symptomatic 50%-99% intracranial stenosis were treated with standard of care risk factor management and randomized to either warfarin or aspirin, suggested that poorly controlled blood pressure (BP) 4 and elevated cholesterol 5 during follow-up are important risk factors for recurrent stroke and other vascular events. These findings led to the incorporation of intensive risk factor management in the design of the Stenting and Aggressive Medical Management for Prevention of Recurrent Stroke in Intracranial Stenosis (SAMMPRIS) trial. 6 The final results of SAMMPRIS showed that multimodal aggressive medical management alone was superior to the combination of angioplasty and stenting plus aggressive medical management in patients with severe ICAS.
A prespecified analysis of the SAMMPRIS trial was to investigate the relationship between control of risk factors achieved with intensive risk factor management protocols and outcome of patients in the medical arm of the trial. We now report the results of this analysis.
METHODS Standard protocol approvals, registrations, and patient consents. The SAMMPRIS protocol was approved by the site institutional review boards, US Food and Drug Administration, and Data and Safety Monitoring Board appointed by the NIH. Informed consent was obtained from each participant.
ClinicalTrials.gov identifier: NCT00576693.
Trial design. The overall design of SAMMPRIS has been described previously. 8 In brief, SAMMPRIS was an NIH-funded, investigator-initiated and designed phase III randomized trial in which 451 patients were randomized at 50 sites in the United States to aggressive medical therapy alone or percutaneous transluminal angioplasty and stenting (with the Wingspan stent system) plus aggressive medical therapy. The main eligibility criteria were TIA or nondisabling stroke within 30 days caused by 70%-99% stenosis of a major intracranial artery (middle cerebral artery, carotid, vertebral, or basilar).
The primary outcomes in SAMMPRIS were any stroke or death within 30 days after enrollment, any stroke or death within 30 days after a revascularization procedure of the qualifying lesion during follow-up, and ischemic stroke in the territory of the qualifying artery beyond 30 days. The combination of any ischemic stroke, myocardial infarction (MI), or vascular death was a secondary outcome in SAMMPRIS, but is the primary outcome in this prespecified analysis because intensive risk factor control affects all of these important vascular events. Details regarding the adjudication of adverse events (ischemic stroke, MI, vascular death) are described elsewhere. 8 In brief, study neurologists who were not masked to treatment assignment evaluated patients with a potential adverse event as soon as possible after the event.
Patients with neurologic events that were potentially difficult to classify (a TIA lasting .1 hour or mild ischemic stroke [an increase in the patient's NIH Stroke Scale score of ,4 from study entry]) were evaluated by a second neurologist who was masked to treatment. Both neurologists' assessments were sent for central adjudication. All adverse events (neurologic or cardiac) were centrally adjudicated by neurology or cardiology adjudicators who were masked to treatment assignment.
Aggressive medical management. Details of the rationale, design, implementation, baseline risk factor control, and achievement of risk factor control in SAMMPRIS have been described previously. 6, 7 In brief, aggressive medical therapy consisted of aspirin 325 mg/d during the entire follow-up period (mean follow-up of approximately 32 months), clopidogrel 75 mg/d for 90 days after enrollment, and aggressive risk factor management primarily targeting systolic BP (SBP) ,140 mm Hg (,130 if diabetic) and low-density lipoprotein cholesterol (LDL-C) ,70 mg/dL. The protocol-defined primary and secondary risk factor targets are listed in table 1. Risk factor management was performed by the study neurologist and coordinator at each site. The following strategies were used to maximize attainment of risk factor targets: providing study medications to patients free of charge, employing medication titration algorithms for primary risk factors, and central oversight of risk factor performance. All participants also received coaching on healthy lifestyle behaviors at regularly scheduled times throughout the study using a commercially available lifestyle modification program (INTERVENT) at no charge.
Collection of risk factor data. Data from each patient visit throughout the study until the end of year 3 were used to analyze the relationship between risk factor control and vascular events. The accuracy of the SBP measurements was standardized by requiring the use of a highly rated BP monitoring device (Omron HEM-705CP; Omron, Kyoto, Japan) at all sites. The study protocol required the participants to be in the sitting position and the study device to be used with a printout of the BP readings for source documentation. At the baseline visit, 3 BP measurements were averaged and recorded as the initial measurements for each arm. All subsequent BP measurements were done in a selected arm. The right arm was considered the selected arm unless the left arm mean SBP measured .10 mm Hg higher than the right arm at the initial measurement. At each visit, 3 BP measurements were averaged to determine the mean BP for that visit. The frequency of BP data collection depended on the achievement of the SBP target. At any follow-up visit throughout the study, if a patient's mean SBP was above target, an adjustment in the antihypertensive regimen was made, and the patient returned for an extra BP check in 30 days. Once the target BP reading was reached, the patient resumed the normal schedule of follow-up visits every 4 months.
The accuracy of the baseline, 30 days, and 4 months LDL-C and non-high-density lipoprotein cholesterol (HDL-C) measurements was standardized by using a central core lipid laboratory. Patient blood samples were sent to the Emory Lipid Research Laboratory (Atlanta, GA) for measurement of direct LDL-C. Beyond 4 months, LDL-C (direct or calculated) and non-HDL-C were collected annually and were measured at the individual sites. Participants were not required to fast prior to blood sample collection, but fasting status was recorded. Adjustments were made to the lipid-lowering medications based on the LDL-C results. Physical activity was assessed using the 8-point Physicianbased Assessment and Counseling for Exercise (PACE) questionnaire, which the participants completed at each visit. 6, 9, 10 Moderate exercise included activities like brisk walking or slow cycling for at least 10 minutes at a time. Vigorous exercise included activities like jogging or fast cycling for at least 20 minutes at a time. Physical activity out of target for this study was defined as a PACE score of #3 (3 5 trying to do vigorous or moderate exercise but not exercising regularly, 2 5 no vigorous or moderate exercise but thinking of starting in next 6 months, and 1 5 no vigorous or moderate exercise and no intention to start in next 6 months). Examples of physical activity in target (PACE $4) were as follows: PACE 4 5 moderate exercise ,5 times per week or vigorous exercise ,3 times per week and PACE 6 5 at least 30 minutes of moderate exercise a day for at least 5 days a week for the past 6 months or more. See appendix e-1 at Neurology.org for full PACE score.
Smoking and body mass index (BMI) were recorded at all study visits. The protocol recommended testing hemoglobin A1c (HbA1c) in diabetic patients every 6 months in patients with glycemic control in target and quarterly in patients who were out of target. All additional lipid and HbA1c studies performed between scheduled visits, BP measurements performed at extra BP visits, and risk factor results at closeout visits were included in this analysis.
Statistical analysis. Only data from patients in the medical arm of SAMMPRIS were included in this analysis because the relationship between risk factor control and outcome in the stenting arm was unlikely to be meaningful since most of the strokes in the stenting arm occurred soon after enrollment in the periprocedural period before risk factors had been optimally controlled. For each patient in the medical arm, values from baseline until the time of the vascular event (for patients having these events), the time of close-out, or 3 years of follow-up (if no events) were averaged for each risk factor and dichotomized as in target or out of target. Mean risk factor values were also analyzed as continuous variables.
Binary logistic regressions were performed with the combination of any ischemic stroke, MI, or vascular death as the outcome. Single-predictor (univariate) regression results were used to select risk factors for inclusion in a multivariable model. The analyses were repeated with ischemic stroke alone as the outcome.
In order to assess the effect of age, sex, stroke disability, baseline BMI, and cardiovascular health at baseline on the patients' ability to exercise and thereby potentially confound the outcome, we compared the unadjusted odds ratio (OR) for physical inactivity with the OR adjusted for these covariates: age, sex, NIH Stroke Scale (NIHSS), modified Rankin Scale score (mRS), baseline BMI, and cardiovascular disease at baseline (prior MI, angina, coronary angioplasty or stenting, deep vein thrombosis, pulmonary embolus, cardiac valve abnormality, congestive heart failure) and peripheral vascular disease. The OR for physical activity was also stratified by physical activity status at baseline.
RESULTS
Patients and risk factors. Data from 227 patients in the aggressive medical management only arm enrolled in the trial were used for these analyses. The number of events (stroke, MI, and vascular death) was 49, including 32 ischemic strokes. The median (and 25th and 75th percentiles) of the number of risk factor values per patient were as follows: SBP: 11 (6, 15) , LDL-C: 6 (4, 8), physical activity: 9 (4, 12), smoking: 9 (4, 12), non-HDL-C: 6 (4, 8), HbA1c: 4 (2, 6), BMI: 10 (4, 12). Two patients were missing data from the lipid panel. The percentages of patients with mean risk factor values in target on average during the trial (including baseline and follow-up visits) are shown in table 1. With respect to the primary risk factor targets, 53% of patients had a mean SBP that was in target (,140 mm Hg) during their participation in the study and 47% had a mean LDL-C that was in target (,70 mg/dL).
Univariate analyses. The relationships between control of individual risk factors and various vascular events for patients in the medical arm are shown in tables Table 2 Risk factors associated with stroke, myocardial infarction, or vascular death at 3 years figure) . BP and cholesterol were not significant factors.
For both the primary endpoint of ischemic stroke, MI, or vascular death and the endpoint of ischemic stroke alone, the unadjusted OR for physical activity (measured on a continuous scale) and the ORs adjusted for age, sex, NIHSS, mRS, baseline BMI, cardiovascular disease, or peripheral vascular disease were 0.5-0.6, suggesting that the association of physical inactivity and events was not confounded by these factors. The ORs for physical activity were similar for participants who were in target (0.6, CI 0.3-1.0) vs out of target (0.5, CI 0.3-0.7) at baseline. DISCUSSION This prespecified post hoc analysis of the relationship between risk factor control and outcome in the medical arm of SAMMPRIS demonstrates that physical activity and intensive control of BP and cholesterol are important for reducing vascular events in medically treated patients with severe ICAS. While all 3 of these factors may contribute to the risk of vascular events, the independent effect of physical activity was stronger for the prediction of vascular events than BP and cholesterol.
Remarkably, patients in the medical arm who were physically inactive had up to 5 times the likelihood of having a stroke, MI, or vascular death, as well as 6 times the risk of any ischemic stroke compared to physically active patients. In addition, there appears to be a dose effect of exercise, with higher rates of activity having a more protective effect. Previous meta-analyses have shown that exercise decreases mortality among stroke patients 11 and that physical activity decreases the risk of incident stroke among healthy persons, 12 but this analysis now demonstrates the benefits of physical activity for prevention of recurrent ischemic stroke.
Physical inactivity is highly prevalent after stroke due to factors such as fatigue, poststroke disability, and depression. 13 In SAMMPRIS, patients were enrolled after having a TIA or stroke within the previous 30 days, so it is not surprising that the percentage of patients who were in target for physical activity at study entry was low (32%). However, at the 4-month follow-up visit, this number had increased to 56%. 14, 15 This increase was largely due to compliance with the lifestyle modification program provided in the trial, which also contributed to the high percentage of patients achieving other risk factor targets. 16 Indeed, education and motivation are critical to enlisting stroke patients in an exercise program, and physicians typically lack the time to provide the level of support needed. Comprehensive lifestyle riskreduction programs have been highlighted as an effective way to bridge the gap between recommendations for physical activity in guidelines and implementation of physical activity in practice, 13 and our results support the effectiveness of such an approach. Table 3 Risk factors associated with ischemic stroke alone at 3 years The association of poor BP and cholesterol control with recurrent vascular events in medically treated patients in SAMMPRIS confirms the same findings in the WASID trial, 4,5 which together provide strong evidence that control of these 2 risk factors is very important for lowering the risk of vascular events in patients with ICAS. This analysis also demonstrates that intensive lowering of BP early after a recent stroke or TIA appears to be safe in high-risk patients with ICAS. In WASID, patients were randomized within 90 days of a stroke or TIA (median time from qualifying event to enrollment was 17 days) and had their first follow-up visit at 4 months. Limited conclusions could be drawn about the safety of early lowering of BP in WASID 4,5 because treatment of BP was not intensive and, in many cases, was delayed because of the extended time between qualifying event and enrollment. In contrast, SAMMPRIS patients were enrolled within 30 days of the qualifying event (median time to enrollment of 7 days), were started on intensive BP control at enrollment, and had their first follow-up visit in 30 days. Given the earlier time from qualifying event to enrollment in SAMMPRIS, one could hypothesize that SAMMPRIS patients were less hemodynamically stable than WASID patients and, therefore, more susceptible to ischemia distal to the stenotic artery from intensive lowering of BP after enrollment. However, this was not found to be the case in SAMMPRIS as the rate of vascular events was lower among patients with controlled SBP. Furthermore, this lower event rate among patients who are in target for SBP is not likely driven solely by patients who were already in target at baseline, given that within the first 30 days the percentage of patients achieving SBP target increased from 33.8% at baseline to 47.6% at 30 days. 15 We were unable to demonstrate that control of some of the secondary risk factors (e.g., diabetes, weight, and smoking) significantly reduced recurrent vascular events in these analyses. This finding is similar to analyses from WASID that failed to show a relationship between control of diabetes and smoking with outcome. 5 However, in both WASID and SAMMPRIS, patients with better diabetes control had lower rates of events than patients with poorer control, but the differences were not statistically significant. The inability of these analyses to demonstrate a benefit of control of the secondary risk factors targets may be due to a true lack of benefit, but could also be due to a lack of power to detect an effect given the small number of patients in some groups (i.e., type II error).
Our study has some limitations. The risk factor values were averaged over the duration of follow-up, which may have diluted the effect of particularly high or low levels that could have been temporally associated with an event (e.g., a particularly high BP that immediately preceded a stroke). However, the goal Figure  Fitted logistic regression of combined endpoint (stroke, myocardial infarction, or vascular death) predicted by physical activity (Physician-based Assessment and Counseling for Exercise [PACE] score) averaged from baseline until the first event or end of follow-up
Maximum follow-up was 3 years. The blue shaded band represents 95% confidence intervals for the probability of the event. The markers represent the observed data.
of this analysis was to assess the effect of overall risk factor control on outcome, not the effect of individual fluctuations in risk factors. While any methodologic approach to determining the relationship between risk factors and vascular events has limitations, we chose a measure that takes into account the long-term pathophysiology of atherosclerosis. In addition, since prior analyses of the relationship between risk factor control and outcome in patients with stroke due to large artery disease averaged risk factors over follow-up, 4,17 this method was used for comparison purposes. Other possible risk factor interventions, such as dietary modification, were not analyzed, so their effect cannot be addressed in this study. Another limitation is that this was a post hoc analysis (albeit prespecified) and not a randomized trial of different risk factor treatment targets. Therefore, we cannot rule out the effect of unknown confounders on our results. However, given that the effect of BP and cholesterol control in SAMMPRIS is consistent with findings from WASID, the findings appear to be reliable.
Well-controlled BP, cholesterol, and physical activity during follow-up were associated with fewer vascular events in SAMMPRIS. These findings support treatment of elevated BP, cholesterol, and physical inactivity in patients with intracranial atherosclerosis to prevent future vascular events.
